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(54) CONTROL OF INDUCTION MOTOR 

(57) Abetract 

PURPOSE: To enable continuing control even when a 
voHage sensor has become defective. 

CONSTITUTION: When a voltage sensor output is 
abnomrial (step 208) an es timate output is used (step 
210) by using the relationship between a battery output 
PB or battery current IB and battery voHage VS. Thus, 
stable control can continue without generating a state 
of out-of-corrtrol. 
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(74) A 


#a± wea w— (^2«) 



(54) SI#^-^'®«}«3^ 



(57) [^*JJ} 

*^S^-C&.S1«^{C (2 0 6) (2 1 



m 1 $tm m 



T 



X 



~204 



206 




VB 



208 



^12 



C2) 

1 

[ 2 ] mms. 1 ie*it©*ijai:^ffitc i > -c , 

3 ] ift^Ji 1 iatg®$ij®:^ffi{c*3i>r , 20 

So 

[ if *s 6 ] if *s 1 f Btg©*«®J:^S{c *j t ^ r . 

«-'^• y f- ') (DMmmm,icm'^t^-< y t- 'j^jE^mM-ri> 40 

Cif*^7] f^yf-*}'mEJkUmm<07.-iy^:yiff< 



!^P§¥8-5 180 0 

2 

±12^11 -fe >-!?-©tH;'j:^iE^B$fc «. 7^ y mE*^Bif 
^©ffit? * i iSSt- ^ C i i T Umii'fk. 
[ W^s 8 ] f f 5l<:^ 7 iatE©fiJffl):)^ iSw: ti t ^ 
lli;^j^iESii&Sii:B!iK:fSEH2>-9-*st^m L/c-'^* y f- y 

mE*. ±ssgf^©fiii-rsc<«:^#iii-rs$iJSP:^ 
[ it*ii 9 ] if 1 T^M 8 tEiS©$iJiaJ:)5-ia(c i, ^ 

7- y msA^^E-fe >-y-ic J: «3 u/cffir-^ct^gfi^^ 

[0 00 1 ] 
[0002] 

rvN-5^-:J»4>^i>S?©:f;*^>S:WbrtiS. c©J:^ 

«»afi^^i^B. 1 0 6#i-^. BSfoe ii^i^> p 

p. 9-16^. Al>^)\^lytf-r)\^-:f\l^y^^^ 

i,^fcii^miii«©Ki4tgh;i'^*ijiai" . s<ew?ffe. «m 

MM^^ISD, 1 0 7#2-^, 83^06 2^2^, pp. 
223-230 M'^^V )\^^f§mii'^m^ti 

[ 0 0 0 3 ] 0 1 3 {c«c©$(jffli^aiciijorm^bfc 
>X7-A;6^. H 1 4«c»^©Sl»gp©sjif^©i^n*s. 

[0 00 4] C©->;^^A«. Hfflil^*-^? 1 0{C<fc 

IEiilm:/3Zgi<^:U-c»>'^-■:;■r y l 2*5SW6nr*jO, -f 

>>-^•-^ 1 4 7- y 1 2©©cmm;^PB *=tB3SijS 

«:if^ur*-if 1 otcttjt&rs, >>'<-^' 1 4©K( 
mi:^i3|='> h 1 eSO'^-if^^ h P-^ 1 8 
(Cj;0$IJ®^n-Ct,^-5„ :SPS3> hP-^ 1 6«. T:? 
■fe-im^^*- ^(5|fei!c^©tf $gtC»-:J# h;U^}g^T 
ref RC«emfg^*ref *-i?3>hD- 
5 1 8«Cne>©Jg^Tref R?>'<i>ref *5^^$nScfc 
-5 -r 1 4©X-r 9^>^?0^•^^->Su . Sv . 

Sw ?r^^^S. -^^^-^-^f 1 4^^^T-5U. V. W 

->su, Sv . sw {cefc^;^-r 5^>y-r^. cn^c 

J:*). 1 0©Hl:;^j|-;Ui7T«hil'i7}g<^Tref ta 

S© h i Aj: 0 . $ fc— iX®^ <t> «fiemJi^<J> ref ffl 



3 

[0 0 0 5 ] •t-:Jf3> hP-^ 1 8ti. mW^20, 

nr i^-So mn^z o w, ^ i o o— 1 1 ^ 

J^yy-'J 1 2©mjEVB ^^ttSt, -'^•^->T■-:7,»^2 
2*^e>B«|5Itb:^2n/cX-Y •;;5^>^Va-^->Su . Sv 
. Sw i»fflL-C. mM3>hP"'5 1 6K:«i|^T-S 

0'}i^iSm<t>^ hJUi'Jg^Tref SO'^^Jg^* ref 
*#M-r^„ CtiCCj;«p, fr/c^cx^- •:'g^>^'^^•^?-> 

Su , Sv , Sw /&w>>'^'-^^ 1 4ccai:^$n^o 

g|J2 0«. Sfc. f-JUifJi^Tref SOmmJi^^ref 
?*^©/c«>. *-:Sr 1 0(DI5ItelS*fiS^<i>©(4tB<D^^b 

[0 0 0 6 ] ■t-^3> hP-^ 1 8«. JS^hJl'i'T 
^18«. hP-^ 1 6*^6 hJUi'Jg^Tref 

J5:c>'6amjg^<j> ref >5:A;'3-r€>-:'7r' (10 0) , 

■b>-9-2 BKlcfcO^r-i? 1 0(D#t|— I 1 (PB$ 
fii) =Sr. «EE-fe>-9-3 0K:J:^5>'^*5'■f■y 1 2<DmiEVB 
?:^ai-r-l> (1 02) „ j||»g|52 0tt. t^tB U/cv-a* f 

u . Sv . sw (fcm-^^—.xmKvx (.mmm) ^nn 
L ( 1 0 4 ) . c<D-AmE.vi j^zf^motc—A'^m 
1 1 fca^#— ;>:iK3SiS^<i>«rfti^-rs doe), m 

mi] <i>= S (Vi -Ri 1 1 ) d t 
-C^SnS, (it. Rl 1 0®— iXSDtr**) 

^ISLCfi^liiLfc—Amm 1 1 tcS-:5^*- ^? 1 0 (Dlht) 

i-)v^T m'mm) ^mrn-r^ ( i o s) , im^n^ 

[^2] T = *x I 1 

^<i>ref iik^Stl. -ecDSSiCS'^^XW' ■;»?>^>'^• 
:S^->SLl , Sv, Sw *i^M$ni> ( 1 1 0) o -r^c 

[|gi3 ] <l>ref -A4>^4>g<i>ref +A<J> (A*: 

(Om^^mnsmj:^. m«<i> = <I>ref -A4><!:<J> 
= <I>ref +A4>(D2fiib:^r^'JixXj:bl$^tfCi. h^Ui? 

[|gt4l Tref -AT^T^Tref +AT (AT: 
ftS^^) 

(Om^ii^mm^^tl^^^. m«T = Tref -AT. T 
= Tref . T=Tref +AT® 3 ffit Xt^ 'J 



(3) - 5 1 8 0 0 

4 

tf^. X-r •>9'>^'V^•^->Su . Sv, Sw«. SS^ 
4>©l:biJM**. h-iI/^T<DJ:b^^mTSO'em<t>©{4 

f -A* (2^fiStfe^) ^. </)= 1 = ref + A 4> 
(mmiXm) ^. r - - 1 »T = T ref - A T 
^) ^T = 0«T = Tref (^iSM) t = +1«T 

= Tref +AT (iEiiM) -en-en^L/Ti^-So 

[0 0 0 7 ] 9i^3n/c;^-Y ■;'?•>^>'^•^^->Su , S 
V . Sw »-Y 1 4tcai;'j3nS ( 1 1 2 ) „ 9i 

10 •:'^>d^>'^•^^->Su , Sv , Sw tCI&D 

(Su, Sv, Sw ) icr^^cii-r -Si. Mm*© 

J:b$j^*S**. h>'Ui'T©i;b|j^mTS.iy'mm<f©{4ti0 
i^^J'hJUVi (Su . Sv, Sw ) .©M^«. 015 
(a) CDj:^(caTCi*sr-^-5,„ ^cfc. CCT'tt, -( 
>.'S-^f 1 4*5, mi 5 ( b) ic^$n^J;-5^j:X'i' 

>i'WJ^*-^? 1 o©u, V. wsffl«^«:jn;?a«j{cs 

f^-ri>^-{ 'v=^Su , Sv , Sw tCjZoT. -o^-^-^? 
20 1 4*51t)S3nrt,>^<!:^x.-5, V-XfBJtcS,mL'fct*: 
M?: "1" . iyly-i'micmmLtci^.^ "0" it^^J: 
^tC. S;^-Ys>5^Su . Sv. SwCDt^,®>&^-rcii 
L//c«-^. -('>^^'-^^ 1 4©ai:^^JE-^i' hJUVl (S 

u . Sv . Sw ) ai 5 (c) tc^sn-SBai^-c 

[000 8] C (Del: ^ tc. igfjiifiS h -'I'^^iJffllS^tcliJ 
[00 0 9 ] 

[0010] :$:^BJ«. C ©J: ^ ^cFpm-i^.^^^T-S C 

# -s^itc-r s c i * awt -r 5, 

[0 0 1 1 ] 

[0012] 4^m^(om2<Dmf&ic%immyimt. m 

50 IE-fe>-9-©ttl:^^iESB#cc«. *-^rS*ai:*7«:»-3# 



5 

^ (soc) ®^jb*n^-rt»$Rtc»-:y#s;xffliE^i]D^ 

[0 0 1 3 3 :^^l^a^(D^7©*tR5t(C{^^$lJa]:^;SW. ii 

^fc^S$iJiSl:)^^«, tii:^^iESi^c -5.it BJfcmjl-fe> 
■9■AS^aiLi^c>'^* •:.T-';mlI?:. iiafifScDfiit-r -SC i 

[0014] :^mn(D^9(Dm^^i^^^um:fsmki, m 

JE-fe>-!t©ai;t)^iE^B#K:«, ffifflUro-S^N'-:/ 7=- 'jm 

•r-5c<b*#Siit- -5. 

[0015] 

[fpM] 2j!:^B^<Dl^l©tgfiRK:*jC^r«, 

iES^tc h . iSaiSS h ;u i'$iJ®Sii{cBiJ fcmm^t& 

[0016] *l%BJ©^2©*ifiS«:*>(,iT». V 7- ') 



(4) !^Pi^8-5 180 0 

6 

■or, :$:^fi£«:*3i»r», SE-fe>-y-©W;^j:?^iEmH#(c 

[0017] *|6BJ©I^3 ©^^CCtel^Ttt, 7" U 

mmcm-:3^^-< -j t- y ^E^iESiKjis-r s c i j&^pjtg 

:^iE^B$(cfct:t.5$lJ^^M*5^^(cfflJ$)J3 n^. ^c*>\ 

10 2M«^^cte(,^■c»>'^• f-ymgK^*^ttj-rsmag-fe>-t^*5 

[0018] *:|^B^©l|4©fltfiSictel,ir«, vT-^) 
© S O C ©^-fb*^-rtf#RicK-:5*^^^ffliE?:»nx.)^c*5 

6. 5' 7- ')<o%m^w<cw^^ >^ "J 7- y mE;5>5}t^3 
m^^.'N' -f- y fijfmm:^) i ^ y ^^©tBMM^Ai 

fi£(ctei,^r». mE-fe>-y-©ai:^^iEmB*{c*sw^$iJia] 

[0019] 2|s:^BJ(D05©^^{Cfct,>r«, jlSB# 

(c. y 7- ')<D%m^mLf^'j 7- ymE?:>ttr&#i^-5,-7 
-jy'ifi. ^Uiin^>^ 'j7-')mi.^nm\^uifi^. mm. 

ft?§fR^(cr-7 r'"*s#Bg5ti. 7^ y m&b^w^^ 
30 nn^<onmm%t!imm^tii,fcib, mE-fe>if©i±j 

[0 02 0] :*:^B^©m6©tgfiS;«:fciir», ai;^;^iE 
^©fiBrBi*50f^^FB^;i:Mx .& $ r•«^^eBu©-'^• 7- y 
*flS^5E©v^•-y^y^E-C^..S<^:«l^3^a. 

x/cf^{*>'N- 7- y ©*?^t^,^tc»-^it >'^• y m&m 
s$n^„ e^oT. -^-<x^©j^HtCcfc-5ri:b^3ie^^Bt 

Bu©^-v'f -rymffA^fiifflStis. c©ife«. ^F^©aj 

[002 1 ] :*^I%BJ(D||7 ©ftfiS(cfcCir«. ^E-fe> 
-9-©ai:^^iE#^K: . ^^yf'J «E*sgf^©<iir * -5 <b 

(g^2ns„ fie-^r, ^KmE-b>-y-©aj:ti^jE^B#tc 

[002 2] *SB^©l^8©tifiStcfcCirW. \^t}^iE 

50 fmcisi,-)i>fmwmifitm^tii>. 
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[002 3] :*^B^©ii9©«fiRicfeiiT». mm-b> 

[0024] 

[0 02 5 ] (1 ) '^y^7-/^mfS% 

SSJl^?rK«J-r.2.J^X-f A-C*S. 0 1 3 i©J:b«j3!>>6 

BJ6*>i'd:J;'5(c, 0 1 (cfc(,iT»-'N'-:'7"'J 1 2<Dm^I 
B ^^lli-r€>m^-fe>1f 3 2. ^>' .yT-'; 1 2CDSOC^ 
t^ai-rSSOCi2>-9-3 4. SO'i^ffl^CCj^L-mjE-fe^ 
•9-3 0©l±};^3*^^iE#-C*S©rilMBUrt^^i:t^l'¥^ 

l^o 0!lx.«miJiE-fe>-9-3 2-?'SOC-fe>-9-3 4«-'^'•:^7^ 
•J 1 2©SS©/ca?)K:fie^7&i6lK<ffli^6nT#/cg|5W 

»5 . $ tcm^^^ 3 6 mi3^©R^.>S:a^j^-r -Sa^f^ 

[0 02 6] (2) mi mmm 

1 8> !^tc?iimgi52 o©si){'p©ogn©— gp^s.i^^n 

C©0K:7S?ti^©»^04<!:tBa-r.5g{5^. "T^C 
Xf- 7" 1 0 2 ip<D^^ y 7- ^EEV B At)!&mX'$> 

[0 02 7] V^#gP2 0 «. f- U«/IV B ^XJj-T 
h (20 0) — :>3-C\ -'^'^/x■;m;^PB ?rJjt*-S (2 0 

2) , v-(.:,7-uW:'3PB ^**^tcsfc-^r«. ^r. 

Jg^Tref t^-i? 1 0©|pII5^©a^i+#r-SCi«: 
J:0^:-^SjRtB;^, -TAdrto^^-i? 1 Ofc^turs* 

f-y 1 2©ssfSj?i!i^-?>'f 1 4<omt>m^nm=S: 

[0 0 2 8 ] ?||@ga2 0». ;^CC. PB - VB -^-^^'i 

©epbis^ii^**?)^ (2 04) , iMwmzoicmn^ 
mt)PR {cMf ^^-^f f-ymavB ©M^<&^Lt:*i 

D. 35/cPBiiS:^|fij{C^t5(fl: (IEPBl^}t:t) 2*a-Ct,^^„ 
c©;^f-^»:?'tcfec»r«> ;^f--y 7'2 0 2tc*j(,;.-c^d?) 



(5) #Pg¥8 - 5 1 8 0 0 
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[002 9] mn^2 0 «, A:^ U/c/N' V ';«IEV B 
*5iE^;:cfii35>^ni^S^^c<i;5^^^*iJ^T-5 (2 0 
6) „ m^\t. 03(C*it^r?Ki^-Cfi^$ti€>S5Hrt^c)l 
t^-h^^ip^m&-^i>. C©J; ^i&EPBWJS4Cj;«3. IE 
S^cfii3{P§*^=SriESifc#iJ^-C*^, C©^J^©fem "IE 
%" iSih/cJa^tCtt, f||#gP2 0«PB -VB -^ 'jV 
©EPbT n {Cialt. $ tlTC f - Sffiffl^ > A:^ U /c 
^^'■;'7■•;ml^VB ©ffiCCg^^X (Mff. 2 0 8) . m 
10 gfe 1 1 ©IX 0 ii*^^^/c±-c;^ 7- 1 0 4 (C=g^f T 

i7:>5-c^^ciiA:^Ufc^>'-;' 7- ymffiVB tcRxr, 

PB -VB -7-:, 7"©EHn CCiB1f.$iarCi-5>'-?-;; 7^ 

(210). miJg I 1 ©mo jA*l?%^/c 
±r:^f--:':7*l 0 4(C^T-r^o -^©1^. j|l^gP20 
^^315 3 etc fi-^>^#t*&L. mEE-fe>-f-3 0©S^ 

(c J: 0 y< 7" >; mufi^ffi^fieffl L/T$)Jiai*?f r -s 
gffiffl«(C«S-r-5 (212), 

[0 0 3 0 ] fi^-oT. -^^mmViXiaU. '^IE-fe>lf3 

|f 1. r- ai;^ P b ^r^e*. iSLmu^ -J 7- y tti;^j P B tc 

m-ii^f^ V 7- V «ff V b .^mmvx^mmicfm-r^-r 
7=-ytti;ttPB ^ffltirti■5>3&i6>'^' ■;'f■ym^JS-fe>■9■3 2 

m^m^-t ^'Smtl^U 36.iCPB-VB-7.:, 

30 i^-c t,^s*»6>'^* 7" y 1 2 ©ii^©^s(i:Ro'"e©as* 

€>„ SnxT, Xr--;^ ^■2 1 2(cfctir»S^^-r-2>J; ^ 
1 0%^Uie&l^SC<b?:l»±-C#-S. 

[003 1 ] (3) m2mmm 

04 {C«, *^%BJ<D||2^ife««JK:*>t^-5-t-^n> h D 
-7 1 8 . #K:ill»gp2 0©S6{^©i^n©-g|57ii7n5n 

■C(,»S. C©||SfeF9*S||lll«feCT<bM^C^..^,«. ^^'^7^ 

yai;^PB ^*i?)PB - VB -7 y y-=^mm-r ^(Dx-mj: 

40 <. >'^'•:;r•ym^JSl B ^mSg-b>-y-3 2tCJ:0^ailx 

(202A). iB-VB-7^; 7"±r'©ErBis-^**i* 

-Cl>S (2 0 4 A) .^.tC&So -rtjifyib, j||@S|52 0 

«. S5cc7i^sn^fil«:^^•7T■ymt^s I B K:^^-r•5^^•-y 

■r ymiEVB ©ggi^^r^i^-ri B - VBv-y^-^Jr^tSLr 

*jO . c© 1 B - VB V 7« I B lfi:^rS]«:Era^t:f 3 
tiTc»s. SIS[SP2 ott. tJimufc/^f 7^y?i^ I B AS 
stsePbIccm 0 1 ^sg«^<bi5«i©A5a^ii?f^ 

[0032] fi£o-c. :4ciiJ6«?i|{c*jc^-c^>. n 1 mmm 

50 il^SI©JS!Jlg«:fi-5C<!:3!»«-C#S. ffiU. :^:||t6«^K:fc 
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[0 03 3] (4) msmmm 

meiat. :$:|£Bj(D03||JfeWc*sl:tS*-3?=i>ha 

fcMMmx:$><0 . ^f- f 7"2 1 0CCftx.XT--;-7'2 1 0 

^gfelB <i:>'>*f 7^';«aVB ©M^«>'<-;;-r-'; 1 2©S 

O C tCtS?? 0 , \S]miC^^ yf-VmtjPB t f 

■s, /N'yf-'j 1 2©soc«, &iii;cm^^'7tc®T-r 

PB <^:>'^••;'7-•;m)^VB (DM^^j^lb-r-So ^lE•b>•t^ 

2^Jg^lJCC*5Cir^> I B -VBXttPB -VB -7 y y'O) 
1^ (2 0 8) K<fc»)*«J®tCSIl!ll3n-5*i. mff-b>-9- 

VB ^kmrn-r^m, mEE-fe>if3 o<Dtu;^7&^s^i^co 

fc^ 6 © S O C bCCfD D fc«iE3&s*fe $ ti -Sfc* 
(2 IDA). SOC^IkiCff ^ I B-VB X«PB - 
VB fflO^O'^-ft*^. *iJWcjg8fc$n. fiJtaiie^:<)^jq]$iJ3 
*a€>. flU, :$:||]tet?!l(C*Jt,i-C«SOC-te>-t'-3 4*^ii:> 
S«::&^7&s. C©^^>1f{C»>'^*^,f•y i 2©SOC%ltil 

•'ga^«:^-r^^©^Kffl-c#s*i6. mtctsiziy 
•^■©iiJjntiitJ'Br-j^cc^o 

[0 03 4] (5) m4^ifS0iI 

■CC^^o C©^S£W«|^lXW^2^)5Se^icHit^<&Jnx 
fcJiitefifarfeO. :^r-'jy'2oe. 2 0 8Se>'2iO{c 

$fe2:%;<f--:'7'2 1 4. 2 16. 2 1 83&S. ^n^tiH 

ff$nTti-5o c©iisfe«?i|ic*it^r«, iB-VBX» 

PB -VB -ryy-^mmk^StlXH'O. SOC-fe> 
■if 3 43!p6A:'3b/cSOC{Clc.Dr (2 14) l^^iTti^^ 
0-7-y:fifimm$tl?> (2 16, 2 18), C^tCj: 
0. ^3|life^<!:|5l^©f'pffl3!»^ Xf-^»7-2 1 0 ACC*i 

[0 03 5] (6) msmmm 

S8{C». :*:^|g©||5||Jg««|(C*jlt^*-^f=i>hD 

-7 1 8. !HFK:v||^gP2 0©«)fP©flfe4T,©— gP^iii^^tl 
rt^S, c©^*gW3:^iX«ll2||JS^«:e<j^?:»nx 
fcMti^i^X-$><0. :^y-'jy'2 l 0 tcf^xX-r 7'2 1 0 
BAi. Xt--^7'2 0 8ll^f^«:;^7^-y:7•2 2 0*i. 

7*2 1 0 B^?f B#tCy^T- 7"2 2 2 -etl^nHtf 
2nrCi-5. Xr--^ 7"2 2 2-C«. Xr- 5; 7*2 0 6 tcfc 

w^*ij^©Mm*5 "m^" ic^cfcik<o^^ y T <jmm I 



(6) - 5 1 8 0 0 

. 10 

B€rS?fflL-Cl*S, Xf--;.:/2 2 0-C»fflgLfflQ^'>H2 

fhbrCi-So CCfC, 1 2©SOC»^>'';'5^ 

mm. I B (Dmnmo ) c/cffir-* o . s o c o^mt 

ss£-fe>-y-3 2 ^ffli^-c, -r^ct>^soc-fe>t'- 
3 4 /j: 0 . n 3 Ro's 4 ii*s0a i mmoim^mm-c 

10 [0 03 6] (7) memmm 

-5 18. !it(c?sffgi52 o(Dmi'f<Dmn<D—^^^^s^ti 

■CC^€>„ C©ilS6W3:lllXBll2 jlifetSlic^^Jpx. 
fcHife^ll-C&O. ;5^T-'^:7*2 1 OOCft:*.^^^ f :7'2 1 0 
C*^. ;^-r-:'7"2 0 8ll?fB#{CXr--;'7*2 2 OA*^. X 
7^ -;':7*2 1 0C^^fB$(CXT- -^7*2 2 2 A3&5. ^tl^^tl 
M^f$tlXi,^i>o Xt- u':7'2 2 2 Ar-«. Xr- -;.7'2 0 

6fc*it:f-5*ijs©M**s "m-^" tc^D/cf^a^Or 

"P^" <!:#lJ^3nfclill^N*5tt-|J$nr*J«3. 
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